Background Despite the fact that airborne pollen is an important factor in precipitating asthma attacks, its implication in increases of epidemic asthma in usual meteorological conditions has not been reported. A study was undertaken to estimate the relationship between various types of aeroallergens and seasonal epidemic asthma in the region of Madrid, Spain. Methods A caseecontrol study was carried out in individuals aged 4e79 years who received emergency healthcare for asthma during 2001 in a base hospital covering a population of 750 000 inhabitants of Madrid. A skin prick test was performed with grass pollen, plantain pollen, olive pollen, cypress pollen, plane tree pollen, dust mites and Alternaria and the prevalence of skin reactivity was compared between subjects with asthma requiring emergency care for asthma within (cases) and outside (controls) the seasonal epidemic period. Data were analysed using logistic regression adjusting for age and sex. Results The response rate was 61.7% for cases (n¼95) and 51.6% for controls (n¼146). The OR of sensitisation to grass pollen for cases compared with controls was 9.9 (95% CI 4.5 to 21.5); plantain pollen: 4.5 (95% CI 2.5 to 8.2); olive pollen: 7.3 (95% CI 3.5 to 15.2); plane tree pollen: 3.6 (95% CI 2.0 to 6.4); cypress pollen: 3.5 (95% CI 2.0 to 6.2); dust mites: 1.1 (95% CI 0.6 to 1.9); Alternaria: 0.9 (95% CI 0.5 to 1.9). The association with grasses was maintained after adjusting simultaneously for the remaining aeroallergens (OR 5.0 (95% CI 1.5 to 16.4)); this was the only one that retained statistical significance (p¼0.007). Conclusions These results suggest that allergy to pollen, particularly grass pollen, is associated with the epidemic increase in asthma episodes during the months of May and June in the Madrid area of Spain.
INTRODUCTION
People with asthma are frequently more allergic than the general population and it is estimated that, in our environment, the population attributable risk of atopy in explaining asthma is 42%. 1 Sensitisation to seasonal allergens in Spain, including grass pollen, is an independent risk factor for developing asthma. 2 The region of Madrid has botanical and climatic characteristics which predispose to very high grass pollen concentrations. The continental climate, in which there is an abrupt temperature change during the months of April and May moving quickly from cold to hot days, favours the simultaneous flowering of most grass species. 3 As a result, and depending on the meteorological conditions, 4 very high concentrations of grass pollen are reached for 2e3 weeks between May and June, exceeding the threshold level above which most people sensitised to this pollen develop symptoms related to the disease. 5 6 During this period and coinciding with the presence of high atmospheric pollen concentrations, an epidemic increase in asthma episodes or attacks is observed. 7 Several studies based on time-series design have evaluated the short-term effects of aeroallergens on the healthcare demand for asthma exacerbations. Many have observed positive associations 8e16 but others have found no relationship. 17e19 In Madrid, a strong association between grass pollen and hospital emergency room admissions for asthma has also been shown. 7 Apart for exceptional meteorological circumstances, such as thunderstorms in the presence of high grass pollen concentrations which have been associated with epidemic days of asthma, 20 it has not been shown from individual observational studies that airborne pollen levels in usual meteorological conditions could cause epidemic asthma. 21 The objective of this study was to estimate the association between various aeroallergens and seasonal epidemic asthma in the region of Madrid, comparing the prevalence of skin reactivity between subjects with asthma who require emergency healthcare for asthma within and outside the seasonal epidemic period.
METHODS

Study design
A caseecontrol study was carried out in a population aged 4e79 years who received emergency healthcare for asthma in the emergency room of the Hospital General Universitario Gregorio Marañón during 2001 (n¼900, 359 men and 541 women). This hospital is the reference hospital for a healthcare area of the region of Madrid and includes a population of 750 000 inhabitants. Only the clinical diagnosis of asthma (ICD-9-CM diagnosis code 493) was considered, excluding terms such as bronchospasm, bronchial hyper-reactivity or asthmatic bronchitis.
People who received emergency healthcare for asthma during the epidemic period of May and June 2001 were defined as cases. The identification of epidemic days was based on those days of May and June which exceeded by three standard deviations the prediction made from a Poisson distribution for the time series between 1994 and 2001. 22 emergency rooms on non-epidemic days. The selection of controls was undertaken in proportion to the number of clinical presentations for asthma in each of the months of 2001, stratified by age and sex to match the distribution among the cases. Figure 1 shows the daily emergency room visits for asthma during 2001 and the threshold (horizontal line) which defines the selection of cases and controls. A total of 154 cases and 283 controls were selected. We calculated that this population provided over 90% power at the 5% significance level to detect an OR of 4.0 assuming a 50% response rate and an exposure prevalence of 50% among controls. Exclusion criteria were the use of antihistamines in the previous 5 days and a negative histamine skin test.
A letter with information about the study was sent to the selected people to encourage their participation and at least six telephone call attempts were made in both groups to set up the appointment.
Diagnostic procedures
The skin prick test was performed from July to October 2002 by a previously trained allergist who was blinded to the allocation of participants as cases or controls. The reactivity to the following aeroallergens was measured: grass pollen (Phleum pratense L), plantain pollen (Plantago lanceolata L), olive pollen (Olea europaea L), cypress pollen (Cupressus arizonica E L Greene), plane tree pollen (Platanus x hispanica Mill. ex Muenchh), dust mites (Dermatophagoides pteronyissinus), fungi (Alternaria alternata (Fr) Keissler), and a histamine control was included using standardised allergenic extracts (ALK-Abelló, Hørsholm, Denmark). These tests were performed according to the methodology recommended by the Sub-Committee on Skin Tests of the European Academy of Allergology and Clinical Immunology. 23 Positive results were considered as a weal >3 mm in diameter. The correct performance of the allergy tests was evaluated in a pilot study with 30 volunteers in whom two prick tests were performed, comparing the measurement of the allergist in charge of the fieldwork with the measurement of another experienced allergist. The coefficient of variation between the two observers was less than 30%. 24 
Statistical analysis
Data were analysed using logistic regression to estimate the OR and its 95% CI for each of the allergens without the presence of the others and also adjusting by the presence of all of them simultaneously. These models were also adjusted for age and sex. Analyses were done using Stata Version 10.0 (StataCorp, College Station, Texas, USA).
RESULTS
The response rate, measured as the number of complete interviews and skin prick tests divided by the number of complete plus incomplete plus non-conducted interviews (including negative interviews and no contacts), was 61.7% for the cases and 51.6% for the controls. No person was excluded from the study according to the criteria defined. The characteristics of the definitive sample did not differ statistically from the original. On the other hand, the comparability of cases and controls with respect to age and sex groups of the original sample selection was maintained (table 1) .
Subjects who refused to participate in the study were requested to respond to a questionnaire by telephone to assess if they had a known allergy, performance of allergy tests and frequency of use of bronchodilators as an indirect indicator of asthma severity. Information about 42.4% of the cases and 23.4% of the controls who did not participate was obtained. No statistically significant differences were observed with respect to these variables. Table 2 shows the prevalence of positive skin prick tests to the aeroallergens studied; 87.4% of the cases and 70.5% of the controls tested positive to one or more. In both cases and controls the main aeroallergens were grasses (85.1% of cases and 47.6% of controls), olive (82.8% of cases and 49.0% of controls) and plantain (70.0% of cases and 37.9% of controls). Table 3 shows the polysensitisation to different allergens. Sensitisation to other types of pollen was more frequent in cases than in controls, with high prevalences of multiple sensitisation especially between plantain, grass and olive pollen. In both groups, the highest prevalence was observed with grass and olive pollen (81.5% of cases and 40.3% of controls), followed by reactivity to grasses and plantain pollen (68.5% of cases and 34.0% of controls). The combined prevalence of these three allergens was 66.7% and 31.5% in cases and controls, respectively (data not shown).
The OR of having a positive skin prick test to grasses, adjusted for age and sex, in the models with a single allergen was 9.9 in favour of the cases (95% CI 4.5 to 21.5); 4.5 for plantain (95% CI 2.5 to 8.2); 7.3 for olive (95% CI 3.5 to 15.2); 3.6 for plane tree (95% CI 2.0 to 6.4) and 3.5 for cypress (95% CI 2.0 to 6.2). No association was observed for dust mites and Alternaria (table 4). The relationship with grasses was maintained after adjusting by the rest of the aeroallergens simultaneously (OR 5.0 (95% CI 1.5 to 16.4)), which was the only one to retain statistical significance (p¼0.007, table 4). Figure 2 shows similar temporal distribution for plantain, grass and olive pollen.
DISCUSSION
To date, only epidemic increases in asthma associated with aeroallergens derived from soybean dust 25 26 or with special meteorological conditions such as thunderstorms in the presence of grass pollen 20 have been reported. The results of this study suggest that, in our geographical environment and in usual meteorological conditions, exposure to high pollen concentrations (mainly grass pollen) is related to epidemic-type asthma. The results of this individual-based study are consistent with previous time-series analyses conducted in the same geographical environment. 7 As has been observed in the European Community Respiratory Health Survey (ECRHS), the sensitisation to allergens has a high geographical variability between countries and between participating centres within each country. After sensitisation to dust mites, grass pollen was the most frequent allergen in a group of 35 centres with an average prevalence of 18.9%. 27 The five Spanish cities participating in the ECRHS showed a low level of sensitisation to grass pollen, although most of these cities are in coastal areas where the conditions of exposure to grasses is very different from those of the centre of the peninsula, where it is considered the most important cause of pollinosis. 3 The release of pollen into the environment occurs in a more regular manner in coastal areas and is distributed over several months. In the region of Madrid, however, 80% of the total grass pollen occurs during the second half of May and the first half of June, reaching very high environmental concentrations in a short period. 3 A larger burden of exposure to certain types of pollen can affect differences in the prevalence of sensitisation. For example, in the International Study of Asthma and Allergies in Childhood (ISAAC) in Spain in which children with a positive skin prick test to grasses in two very geographically different cities such as Cartagena (coastal area with low grass levels) and Madrid (centre of Spain with high grass concentrations) were compared, the prevalence of sensitisation to grass pollen was 3.0% and 25.5%, respectively. 28 This figure was doubled in wheezing children in Madrid. In another study conducted in our region, 29 57.3% of subjects with asthma were allergic to grasses, a figure very similar to the results observed for Madrid in the ISAAC study.
The mechanisms whereby grass pollen induces asthma are still not well known. Theoretically, the morphology of airborne pollen with a size of 15e55 mm is too large to reach the lower respiratory pathways, 30 so the allergens should be inhaled in the form of smaller particles. The existence of allergens in particles of a respirable size (#5 mm) 30 has been known since the 1980s, although their origin is not completely clear. They probably reach the lower respiratory pathways by a combination of mechanisms including the physical breakdown of pollen in the environment; rupture of the pollen with cytoplasmic release of starch granules caused by rain; Ubisch bodies (small particles with a diameter of 0.02 mm which can contain allergens); and formation of aerosols containing allergens which are bound and carried by ultrafine particles (eg, particles from the emission of diesel engines). 31 Given the coincidence in time between the maximum grass pollen concentration and asthma in our region, it could be suggested that the time variability in the detection of intact pollen is also correlated with that of the allergen burden in the form of micronic particles. In spite of this, time shifts in this allergen burden have been observed in periods before and after the maximum pollination period which could be related to symptoms of pollinosis in susceptible people outside the seasonal period. 32 Taking into account the fact that traditional pollen detection methods are based on the observation and quantification of the whole grain, the development of methods to measure the allergen burden could provide new evidence for the investigation of pollinosis in the future.
All the epidemic days considered for the selection of the cases match a grass concentration of >30 grains/m 3 . Based on the panel study by Davies and Smith, 33 it has been suggested that the number of grass grains necessary to trigger rhinitis or conjunctivitis symptoms in most patients is about 50 grains/m 3 on a daily average. Erbas et al 15 observed that the maximum effect was reached with 30 grains/m 3 . In the study conducted in . Unlike the previous study, however, a saturation level of the effect was not observed and the emergency room visits for asthma increased as the environmental grass pollen concentration increased. 34 35 Another problem is isolating the independent effect of each pollen variety, taking into account the high prevalence of polysensitisation, especially between types of pollen that are also correlated in the atmosphere. 7 The aggregation pattern observed in this study is similar to the one described by other authors in the Madrid area. 36 In the case of cypress and plane tree pollen, although they are related to pollinosis, the symptoms are mainly seasonal rhinitis or conjunctivitis whereas grass, plantain and olive pollen are also associated with asthma exacerbations. 3 7 37 Furthermore, unlike cypress pollen (JanuaryeFebruary) and plane tree pollen (MarcheApril), in Madrid these three types of pollen are released into the environment at similar times (MayeJune) which makes it more difficult to separate the effects, although plantain pollination is a couple of weeks before the start of grass pollination and olive pollination is slightly later. 7 Although further studies are required to clarify this relationship, one hypothesis is that plantain pollen may cause an initial sensitisation at the start of the spring pollen season, causing a priming effect 5 in which the rapid release of grass pollen (with an environmental concentration that is 4e5 times greater than that of plantain) would subsequently cause the epidemic precipitation of asthma attacks. Probably, as occurs in epidemic distributions, once the maximum exposure to the risk factor (in this case, grass pollen) has occurred, a 'depletion of susceptible people' would be reached and a considerable percentage of patients would be under medication control. This could prevent the development of new attacks to olive pollen, with an increase in environmental concentration that is slightly after grass pollen, in spite of the high degree of sensitisation observed.
Some limitations of the study should be considered. The response rate was not high, in spite of the fact that a study presentation letter was sent and numerous contact attempts were made. Nevertheless, the participation rate was similar to that of other studies in the area in which the performance of objective tests is required. Furthermore, a telephone survey was conducted with the people who did not participate in order to assess possible selection biases. However, despite not observing differences in the variables in allergy and use of bronchodilators, we cannot completely rule out the possibility of a response bias. On the other hand, the sample is representative of the entire demand made on emergency rooms during 1 year in a large reference hospital which covers a population forming 15% of the total of the region of Madrid. The definition of asthma used for the selection of cases and controls was very specific in order to minimise the number of false positives, discarding terms such as bronchospasm, bronchial hyper-reactivity or asthmatic bronchitis in clinical diagnoses. The skin prick test used has proved to be a good procedure for detecting IgE-mediated allergy diseases, it is widely used in epidemiological studies and it produces results comparable with other diagnostic techniques. 38 Furthermore, the correct performance of the skin prick test was evaluated and the readings gave results comparable with those of another independent observer.
In conclusion, these results suggest that allergy to pollendparticularly grass pollendis associated with an epidemic increase in asthma episodes during the months of May and June in the Madrid area of Spain. The prediction model of days with high pollen counts newly estimated by the pollen network of our region 39 and the rapid dissemination of this information could help to prevent or reduce the exposure in susceptible people and, as a result, to minimise asthma exacerbations during the spring months. 
